Introduction
World population grew by 1 billion in the last 13 years and reached 7 billion in 2011, with particularly strong growth in developing countries (UNITED NATIONS 2011). Because declining birth rates are widely acknowledged to promote economic welfare, many development interventions target the support of family planning. In addition to improving access to modern contraceptives, these interventions include the expansion of health-care facilities, the establishment of educational programs, and increased access to information on contraceptive options. This last measure, which may be facilitated by television and other technologies, holds particular promise as a cost effective family planning measure owing to the potentially broad reach of modern media across the country-side in areas where electricity is available. Television programming, for example, can provide a window on modern lifestyles and values. The messages conveyed in TV programs may have especially strong resonance in rural areas, where women who are otherwise interested in controlling fertility are often not aware of the options afforded by modern contraceptives or even of their existence.
As documented in a comprehensive survey by HORNIK AND MCANANY (2008) , several empirical studies have emerged that establish a significant correlation between mass media and contraceptive use. Nevertheless, disentangling a causative mechanism out of such correlations is tricky, particularly given that much of the evidence gathered to date is based on cross-sectional data collected at a regional level, making it subject 5 to potential biases from aggregation and omitted variables. Even when individual level data is available, it is difficult to rule out the possibility of biased relationships.
The basic problem arises because the incidence of television ownership is unlikely to be randomly distributed across households. To the contrary, it is plausible that many of the same variables that influence television ownership also influence contraceptive use. If these variables are unobserved, then causal effects ascribed to the impact of television on contraception will be spurious.
In this paper, we attempt to deal with this difficulty by drawing on household panel data spanning the decade beginning in 1997 to investigate the effect of television ownership on the use of modern contraceptives in rural Indonesia. The launch of nation-wide private television in 1995 coupled with the increased availability of modern contraceptives makes rural Indonesia an ideal setting for examining the televi- (AGB NIELSEN 2007 , NILAN 2003 , WIDODO 2002 .
Exposure to these programs sensitize viewers to issues ranging from family size to gender equality and the empowerment of women, introducing values that may be 6 positively associated with modern contraceptives. As a large fraction of rural women in Indonesia still do not use modern contraceptives (MCDONALD 2010 , MIZE AND ROBEY 2006 , an important question is the extent to which television increases acceptance of contraceptives.
The ten-year panel is taken from the Indonesian Family Life Survey (IFLS), which covers 3,844 women in their reproductive age (15-49). Our empirical approach proceeds by first estimating pooled logit and linear probability models of the influence of television on contraception. The econometric specification controls for a large suite of individual-and community level socio-economic variables, including the presence of family planning services in the woman's village of residence. Confirming findings found elsewhere in the literature, the pooled analysis identifies a positive and statistically significant effect of both television ownership and the variables capturing family planning services. To explore the robustness of these effects, we subsequently exploit the panel dimension of the data by estimating a fixed effects model that controls for time-invariant unobserved characteristics. While this model does not find a statistically significant effect of television ownership, the coefficients of the family planning service variables are remarkably robust, both with respect to their magnitude and statistical precision.
The remainder of this paper is organized as follows. Section 2 summarizes television programming in Indonesia, relating this to findings in the literature on the link between information and contraception. Section 3 describes the data and gives details 7 on our empirical model. Section 4 presents the results before section 5 concludes with a summary of the main findings and a research outlook.
Background on Television in Indonesia

Television availability and programming
Over the last two decades, access to television has advanced rapidly in the develop- On the programming side, the deregulation of the television market in the 1990s allowed private channels to broadcast throughout Indonesia over air and via satellite.
As a consequence, 10 additional television channels emerged and every household with a TV-antenna was able to receive at least six of these stations over the air (OLKEN 2009 were exposed to these spots over the entire duration of their run (DHS Surveys 1997 -2007 .
The spot of the World Bank, which contained interviews and public service announcements about the advantages and availability of modern contraceptives, was Over 40 percent of these sinetros were produced in Jakarta, but they often copied the imported telenovelas from Latin America. NILAN (2003) shows that several key elements demonstrate the generic similarity of these shows both in storyline and character line-up, including a young and desperate women living in a small family in an urban environment, a wealthy and neglectful husband, another man who threatens the marriage, and children over whom an ownership struggle rages. While sinetrons and telenovelas in Indonesia do not explicitly address the use of modern contraceptives, they provide information about controversial ideas such as divorce, abortion, and female emancipation. Altogether, sinetrons and telenovelas in Indonesian TV reinforce the image of a specific type of woman and her family: One who lives in a small, wealthy and urban family and who is able to decide and act independently of her husband and relatives. Since the first wave does not contain information on our treatment variable, TV ownership, we use the last three waves, thereby covering the time from 1997 to 2007. We limit the data set to women of reproductive age, between 15 and 49 years, who live in rural areas. This results in a sample of 3,844 women living in 2,426 households.
Among the electrified households, 56% percent own a TV set, typically obtained directly following electrification. TV usage rates in our sample increased from around 41% in 1997 to 78% in 2007.
14 (DEATON 1997) , are nearly 133,000 Rupiah less among households without a television. While other variables such as marital status, age and the number of family planning posts do not differ significantly between the two groups, the substantial differences in terms of education and income stress the importance of controlling for these influences in the model specification. 
Econometric model
The decision of whether to use contraception is a discrete choice, denoted here by the outcome variable , which takes the value 1 if woman uses modern contraceptives at time and 0 if she does not. 1 The binary nature of the dependent variable would conventionally suggest estimation of the coefficients using a probit or logit model, an approach followed here as a point of departure when we pool the data. Binary choice models, however, can be problematic when applied using fixed effects panel methods because they often suffer from a substantial loss of observations owing to the nonlinearity of the model. Specifically, observations for which the dependent variable remains the same over two consecutive time periods are excluded from the estimation. To avoid this loss of information, we instead use the fixed effects version of the linear probability model (LPM). While the LPM generates consistent and unbiased estimates, the obvious drawback of the model is that it treats the dependent variable as continuous, with the consequence that the predicted values from the model may fall outside the 0-1 range. It is thus prudent to assess the extent to which this problem afflicts the estimates, an issue taken up below.
To identify the impact of television ownership on contraceptive use, we begin with the following regression model:
where is the indicator for television ownership, is a vector of control variables, is a vector of unit-invariant year fixed effects, and a stochastic disturbance term.
The coefficients , , , and are a set of parameters and parameter vectors to be estimated, with robust standard errors obtained by clustering on the household. The coefficient of interest is , which represents the effect of television ownership on the likelihood of using contraception.
Whether we can interpret this effect as causal depends critically on our ability to control for the range of confounding factors that determine contraception and that are correlated with television ownership. We thus subsequently exploit the panel structure of the panel by augmenting Equation 1 with a time-invariant and person-specific fixed effect:
.
The term represents unobserved individual-specific characteristics that affect the outcome variable but do not change over time. Such factors include access to infrastructure, economic background, distance to contraceptive distribution centers like health clinics, or social norms influencing fertility regulation. Allowing for the possibility that the term is correlated with , we proceed to apply a fixed-effect transformation to the data to eliminate any residual biases. Table 2 presents estimation results from three models. The first two columns contain the coefficient estimates and associated marginal effects from a pooled logit model, the third column contains the coefficients from a pooled linear probability model (LPM), while the last column contains the coefficients of the linear probability model including fixed effects (LPM-FE). Turning first to the two pooled models, we begin by noting that the marginal effects of the logit and the coefficients of the LPM are virtually the same, providing some assurance that the distinction between a linear and non-linear modeling approach has little bearing on the interpretation with these 18 data. Further assurance is provided by the fact that the differences in the predicted probabilities between the two models are negligible, with those of the LPM falling consistently within the 0-1 range.
Results
Both the logit and LPM suggest a statistically significant and positive effect of the television dummy. Specifically, the logit model indicates that the presence of a television in the household is associated with a nearly 7 percentage point higher probability of using contraception. 2 The corresponding odds ratio, calculated as , is 1.36, suggesting that women with a television have a 35% higher odds of using contraception than women without a television. This estimate is similar in magnitude to the Several other variables are also statistically significant, all of which have signs that are consistent with intuition. Higher numbers of children in the household, which would increase the likelihood that the target household size is reached, increases the likelihood of using contraception, as does the woman's marital status. Being married 2 The marginal effect of dummy variables is calculated by subtracting the value of the logit function when the dummy is set to one from the value when it is set to zero:
increases the probability of using birth control by 19 percentage points, one explanation for which is that marital status serves as proxy for frequency of intercourse, because premarital sexual activities are less likely in rural Indonesia (HULL AND MOSELY 2008) . Education also increases the likelihood of using modern contraceptives; women who attended a primary school have 8 percentage point higher probability to use modern contraceptives than women who never attended a school. Age has a nonlinear effect, increasing the likelihood of using contraception at a decreasing rate.
Specifically, the likelihood to use contraceptives rises until age 35 and falls thereafter, a finding consistent with the expectation that younger women are more likely to become pregnant due to higher sexual activity and hence more likely to use contraceptives to space or avoid births. Finally, the community-level variables, which measure the impact of health and social-support organizations in the community of residence, all have positive impacts on contraception. For example, the presence of a midwife in the community increases the probability of contraception by 2 percentage points, while the effect of each additional family planning post is to increase the probability by 0.4 percentage points.
The final column presents estimates of the LPM with fixed effects to control for unobserved heterogeneity. While many of the explanatory variables, including the midwife dummy and the control for the number of family planning posts, retain their statistical significance, the most notable discrepancy is the drop in magnitude of the coefficient on television. Based on this estimate and its standard error, we can no 20 longer reject the null hypothesis that the effect of television on the probability of contraceptive use is different from zero at the conventional significance levels.
Other specifications that included interaction terms were also estimated (but not presented) to explore whether the impact of television is perhaps mediated by other variables. It is conceivable, for example, that television programming encourages women to raise reproductive issues with health care practitioners or family planning counselors in their community, which would strengthen the impact of these influences. However, none of the interaction terms created to capture such effects were found to be statistically significant. We thus conclude that notwithstanding the statistically significant correlation between television and contraception in the pooled models, the reduced magnitude and insignificance of the television dummy in the fixed effects model suggests that a causal interpretation is not warranted. 
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Conclusion
This paper investigates the effect of television ownership on the usage of modern contraceptives in rural Indonesia. A large fraction of women, roughly 44%, still do not use modern contraceptives, which has been argued to be due to a lack of information and/or social norms on fertility regulation that discourage acceptance of modern contraceptives. In addition to midwives and family planning posts, found here to be statistically significant in all of the estimated models, rural electrification and the subsequent spread of television in Indonesia may serve to close this information gap and help to overcome social norms on fertility regulation.
According to qualitative studies and national audience figures, soap operas (sinetrons) and Brazilian telenovelas enjoy high viewership, especially among women.
While sinetrons and telenovelas in Indonesia do not explicitly address the use of contraceptives, they still provide information about controversial ideas such as divorce, Two possible explanations come to mind for the statistically insignificant effect of television on contraceptive use. The first is reliance on an overly blunt indicator for media exposure. The use of a television dummy precludes us from measuring either the intensity of television viewing or its content, and it may be that better measurement of these features would enable more precise estimates. A second explanation may relate to the content of Indonesian television programming, including the lack of public service messages. As sinetrons and telenovelas do not explicitly address the use of modern contraceptives, their content -and the content of other programmingmay not be sufficiently persuasive to overcome prevailing norms related to reproductive behavior. A promising avenue for future research would therefore elicit more detailed data on which type of broadcasts is watched and by whom. Future research using cross-national data could also probe more deeply into the role of cultural background and how this mediates the impact of information.
